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(57)Abstract 

PROBLEM TO BE SOLVED: To improve the productivity and the shelf life by forming a positive electrode of two or more 
layers, of which the content of the positive electrode material in the mix is different from each other, and including insulating 
solid grains in the mix of a layer far thest from a collector. 

SOLUTION: A positive electrode of this battery is formed by coating a collector with two or more layers including the positive 
electrode material, which can reversibly absorb and discharge lithium. These coating layer is respectively formed of the positive 
electrode material, binder and the conductive material. Especially, a layer farthest from the collector includes the insulating 
solid grains, but content of the positive electrode material in the mix of this layer is desirably set at 1 0% by weight or more and 
60% by weight or less, and content thereof of other layer is set at 70% or more and 98% or less at an average. As the insulating 
solid grains, oxide is used, and titanium dioxide is most desirable. 
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&C tknJfife-C**. {^{J, ifsl£ffl'J«(C*5C»-C^S 
n ( 0I©Sn ) ttS n (C H 3 ) 4 SC*tUT7 0 0 0 
P P mW&t%ffiicfcMmiC£---S>wmm?Z<>XZtt 
U S n O ( = 2 ffl) tlllOOpp mftifi. S n 02 

(=4ffl) rst-6 o o p pmttificcttjgi-rs., c©J: 

*SSn©fi&tcAS<f£?rf £©T\ 119S11-NM 
R j»l^r h tx tc f - ? fig ■Ctt^CD^^Ai ajftg £ ft 
10 i>, 

[0020] x$m<Dnmttmc&nitGmz$;*iiz 

Ci*ir#a. fflAtf. lJ$OT*(Li. Na. K. R 
b. Cs) . 98&M<Sc. Ti. V. Cr. Mn, 
Fe, Co. Ni. Cu. Zn. Y, Zr, Nb. M 
o. Tc. Ru. Rh. Pd> Ag. Cd. vlstsA 
F*£fll. Hf. Ta. W. Re. Os. I r. Pt. 

Au. hk) -£jg»i«i imtm (F. CI) 

mz.it, Sb. In. NbOit^lCF-^^ 
20 $A ^flD-rS<b^3©fiW0'-2 o*ju%^ 

[002 1 ] ^Bj{c*jtt4-flSS: ( 1 ) ( 2 ) tS3 
ft -5 ®( b«?££{* i T *1ggatf b«5©-&^«^^ . 
?S®&t>rft©:^4>iSffiT£c<t#T£.5>,, OT&tftt 
^(c-ot^-ri^WcSiH^-rsiMifb^. M2fb^»i 

M4fb-^ (Ml. M2«tBS&9Si. Ge, Sn. Pb. 
P, B. Al. Sb. M4ttMg. Ca. Sr. Ba) 

^f&^Ltbtiit^K Snib&VltLXittc 
£;U£SnO. Sn02, Sn203. Sn304. Sn70l3- 

30 H20. snsois. *.mitm-m. t^^mtmr. 
&mm. mmm-m. mmm-m. *>\> hmm. m 

is. mtm-m. wj>mm-m. nxbis. mm 

-18. Wb»-». f^f5Ci*it^„ s nt-s 

«jtutafcii(isi02. sio. fh7yf^> 

7>. f-h7i^JU^7>^CDW^a^b^. ft-7 

^ h =^i>'>^>. 7- h 7X h + , >^'7>^©7^1'3 + "> 
~>5>{b^. hi/ i»oP'W Ko->7>?0^-f Kn 
^It^t^W?, C ^ 0 G e <b^© ilt 
40 «rc£;t#G e 02< GeO. f )\>-7 U=r Y v * V 

y^v^^Aa^^^lf-SCi^-C^^,. Pbfb^ 
ftiltttfci^Pb02, PbO. Pb203. Pb3 
04. «Kt8. ^ISIS. ttKIB. E3KB?i8. S 

^r*tf?.C<t^-C#^„ P^b^iOTttfci^^SS! 

fb';>. **->ig(b'j>. 3Etg{b';>, HSfb';>. = 
^ptjn;>i. tTDy>Bw-«. <)>m*vmmz 

50 ^IfSCi^r^S. B^b^iUT»fc«!:X.«H^lg 



(6)- 
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it*vm. =«Mt*-?*. ^mitKom. «wt*$*. 

12-51$, IJOBSr V^i^k h Mx^rt/. 

tctZ.ttmtT)lZ~-5A (a-T)li-)-, 0-7)1 S. 

-^A. tf^fbTJUS-^A. 'J>fbTJUS-^A. 

^KTjUS-^A, %m7)li-OJ±. (i9S7;l/S- 

9 A. iKtjbTJUS-^A, ffiiiST.H' 5 *K>itT 10 

(j/ci^iizitfb— t>^*>. h 'J^-jut^** 

[0 02 2] Me, Ca, Sr. Bafb^iUTti. 

&*<z«nfc*. ikmitm. &mm. tttfttt. 

[002 3 ] ^fiS^^i Ottt, ^SiiSi L/r^iSii 
Jg$# 4 "CJW± 2 0 0 0 "CfctTT* & C & tftfS O < . 
36«C»*L/<»6"CfeUi2 0 0 0*CUIT-C**. <!: < 
CC«£ L < (J 1 0 *CJ&l_b 2 0 0 0 'CfeiTr* 0 . *>o«l 20 
f$M&£ L/TW 2 5 0 *CJiJ± 1 5 0 0 -CJirF-C£>£C £ 
b < . 3 0 < « 3 5 0 -Ca± 1 5 00'C 

wrx-h *). t< tmt k«5oo -a^± isoo-c 
am o . fr-imf&vm tut»o. 01 b$r8«± i 

0 o l*HUH~TC* S C £ £ b < . ;* h ic0t L < « 
0. 5B$sa±7 OB#SIJi(T-CabO. <!: < (t$f g b < » 

1 8#Rf)tLh 2 0 B$fe1 D . *>oP#M&£<b UT« 
##2*CW_kl 0'-C«T-C^>SC£*5W ; $L< . 3 6 

L < « 6 'CJil± 1 0 ' 'CWT-C* 9 . ttlCft $ I, < tt 1 30 
0 'C«± 1 0 7 °Cfc(T-C* *A9!(<:*stt -SUSiEjg 

i« rMis cca^n) ©5 o%j rj^fis 

(Wn) ©8 0%j {c«T-S*-C<DiaS±^©^iS 

arc* 9. *^{c*jw*p^siiK£« mtmm. cc 

©8 0%j *>e> r^fiSSjg CCSlm) ©5 0%j 

n-tz (ftlRgfflfig 1 9 8 7) 2 1 7H§eiK© 

g u nffi • H a mm er-Anvi 1 & • s la pffi • 40 
13 7.7 Y-? 4 •77X7X7'U-S- • 
melt d r agffifti'OSi^ffiOSCifct 
#•5. K:/"-> ? 199 

1) 1 7 2Hf2*)c©*a-5-)4. )KD-^j4^fflt»-C 

(0024] Sl^S^^^HmWWS L, < «$t3t$W^# 
5(*S%jyTO#H^-C*0. 3 b<«T^tt 50 
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#**H»r*.&. t,-t{*W*.«SBR. r 

[o o 2 5] xmMvmmtiz-mjx. ( 1 ) <2)r 

7n 3 S <t&®l<D¥-K)t<Llr*)- -i Xtt 0 . 1 ~ B 0 u m*s 
W$t<. 1. 0-3 0Mm*WcilfSK, 2. 0~ 

«. Hi*, tf-jUSJk t>h'SJk sju. 

'f&M^'-.'l'SJk JiIhI^^^x •> |- 

[0026] *^©jE^U, *^(*±(C A^tpJ 

^^^c^c^rw. d>&< i4>K®±<D^)i^2)iJW 

# 2 «JW±©@ 6. 0 hm. f> iSC >®©^Jct3 
©JESWI4©#S^ l 0S«%JiUL 6 01i%«Tt 

* o . ^©aoiEffit-t^^s^^-c 7 0 

±. 9 8SM%«T«C-r-SC<!:A5W$ L,l>o CC~C. SI 

2 siy±©g 6 tt o 6« m ^©^pi* 

©iES^O^SAU 0MS%Ji(±. 5 0»S%Ji{T-C 
*1. f6©@©iE^Wif4©^S^teJf 8 0fiM%JW 
±. 9 8fiS%Ji(T-C*?,C<!:AiJ:«3WS UC^ IttcSf 

TS>0> Mb&SL < «Zl|gfb?-f >T*S„ 

ffl^e,ns«fc9»* Lt» r >A^js^)i^<b^iE© 

■CM&&Mtte, Ti, V, Cr, Mn, Fe, Co, 
N i . Mo. Wj&>6)M«3:tl^^tt <iili) ©^lt© 
*;UJ:b^0. 3-2. 2Ktt£J:Mciil£t/T£l&T-2> 

•J^"?A^^^ f l^b^iES+W<tOr«. <)3--5 

A.it&m/m&&mit£tyi ( c c r-m^m t v . 

Cr, Mn. Fe. Co. N i *»6Bl#H5dJ>tt < £ t 
IS) ©^©^EJHrbASO. 3--2. 2 (Ctt-S<t ^{Cjg 
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< lax* >) ^9 ^^m^mmitmiEmmi. 

(J. L i x QOy (CCtQttiilr, ^cypttK. t 
fc-i^Co, Mn. Ni. V. F e &#trjg|££ 
ffi) . x = 0. 02-2. 2. y=l. 4-3)-C&£ 
C O I, >. QiOt«ig^I«nKAl. G 

a. In. Ge. Sn, Pb. Sb, Bi, Si. P , 
B if * jg£ L X i> J: (, >. Sl£g t<m&&m left LtO 
-3 0*JU%#Sf$ L.C»„ 

[00 2 7 ] *^-effl^6n^3 64Cjf$L^';^'> 
A^W^ISHm^IEefWtbTtt. LixCo02. L 
ixNi02. L ixMn02. L i xC o aN i 1-aO 2. L 
ixCobVi-bOz. L i xCobF el-b02. LixMn 
204. L i xMncC o2-c04> L i xMncN i 2-c04, 
L i xMn cV2-c04. L i xMncFe 2-cO 4 (CCtx 
= 0. 02 — 2. 2, a = 0. 1—0. 9. b = 0. 8 
— 0. 98. c = l. 6-1. 96. z = 2. 01 — 
2. 3) *5*tf6n^„ *^-cfflU6n-5S4>W$L 

xCo02, L i xN i 02. LixMn0 2. L i xC o aN 
il-a02. LixMn204. L i xC o bVi-bOz ( C C 
T?x = 0. 02—2. 2. a=0. 1—0. 9. b = 
0. 9-0. 98. z = 2. 01-2. 3) ifi&tfhti 

[0028 ] *mw<D#*-x&muim^htiZTE • n 

m<D«k, ^n^tiicm'mm, mmm. from, ? < =? 
>(t>m^m. EE^tt^j. mm 

[0029] *?m-c&m-cz z>jEm&vn®tp<Dfem 

t'-jbfa y K>. #';x*u>. tfyyotu 

>. SBR, E P DM. *Jl/*>fbE PDM. 7i-fd 
A, #'J:/£^x>. #'Jx?U>*^>Kr*<3, 4# 

bA>. 

[0 03 0] ^fMHOfig. IE^CC«i^t4{I(*8i&&^ 
2titc7-7-*j>? *Xtt7**$Hi©1»ttter&9. 3 0 
OU. <£90£ U>©«7^:7 0>©$s|ft3fc-C£>S 0 
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Sft«w>&a»t?«. s i c. m<t7)iz~ 

OA (A 1 N) . BN. BP#feft1£*sffi< A^t^ft 
(c$^-e(if*C/<. Jfc^cBeO. Be. BN^<SWS"| 

^r«. »ft«i*«w*Hr». cn^cDfiSfb^iLTCJ. 

A 1,0,. As,0„ BiO,. BaO, BeO. Ca 
O. Li.O, K.,0. Na,0. In.O,. MgO, S 
b,O s , SiO,, TiO„ SrO. ZrO,a**tf6 
ftS. Ch?,0«r. Al.O,, BaO. BeO. Ca 
10 O. K.O. Na.O, MgO, SiO,. TiO,, Sr 
O. Z r O.tf&CCffSLO. IEt§©&±lgtC^W;?n 

ft6©BMfc<l&tt. ¥tttftoti, «£8KbW-c*r>-c 
4>m>„ «^^b#»iL-TW*LCWbi&iK!liL-C«. A 
5^h(3Al 1 0 3 -2SiO ) ). XrT h (M 
gO-SiO.) . 7*JMf7-/ h (2MgO • S i 

0, ) . 3-yi7-fh (2MgO • 2 A I .O, • 5S 

i o a ) mzmizctum**. anhoMmt&to 

btt*. *^ftCD$l|® J f'if95$^(D^?i(Cj;0. 0. 1 
20 ymfcl±. ZOum&T. #tC»$L<«0. 2Mm« 

[003 1 ] *&Wr&fflr#£IE@£^®©3m# 
S/c«Cti6<D^-Cafef5. J^Sil/Ttt. H. x** 

SR?L147-f;UA^fflt>6ti.2.o #tc. 
iCt, ^U^Pb'UX #Vx?-U>, ^'jT'OfU 

#{C. 7LSA50. 01-Um, /P^^5 — 5 0 (ii® 
40 fS?Ltt7 ^ ;UA*W* Lt^„ 

[0 0 3 2] *»"«-ettfflr#.5«B«B. W^^»<t 

1. 2-^yh+^xir>. r-^^ 

1. 3-^ + V7>, WATiF, ^jf^^^JUA 
7 5 F, x hn>i!>, T-te hx h i;^. 



13 



7\>k 1.3- 7'u /OiM/ h >©4>fr < L h 1 afeLt 

^ris^u/c^o. itcmmmtL-c % licio.. l 

i B F, . LiPF,. LiCF.SO,. LiCF 3 C 
O,. Li AsF„ LiSbF,, L i B,,C I ,,. f& 

mmsm*}>\stf>®<)*OA, liaici, . Lie 

I . Li Br. Li I . t> P D>K^> >J ?V A. 07i 
~)\,*<J®. <) A© 1 mVl±(Di&Z®MLtci><Dl)m 

l-i 1 , 2 I- SO 
Uisx.? ju^-tf*- htOjg^rgftgCCL i CF,S 
0,. LiCIO,, Li BF (l RO-V*3l>W:L i P 
F. Z®mi;tci><DJ)W£U< . #&t. ^<itxf 
L>>*>-**- hiLi PF t £$ifC<!;#*f£Ll,>„ 
[0033]I?fe(!)ittiJ^>, 3^>. ->-h. -> 

-K ft. ^'J>^--C{J^ri]€:«€if*±{C^S:. n 

mnuTBf&-rz. com. &±ft%ma&ti,xm<.> 

tc m-f-zm^zvfims. li>. 
[0034] *^-c«fflr# swis®ik?f^a&««s 

(SUS304. SUS3 04L. SUS304N. S 
US316, SUS316L. S US 4 3 0. SUS4 

>. STC&O. 0tt<kLT. IRfStt, flR0(Sf«. 

[0 0 3 5] ^WCffifflr^S^X^r^ Hi. t^Mi 
D-^tf'Jv-. tftMSK. tfyTSF-C**). W 40 

[0036] 2)r^©®&«^.S(CJCi;-C^«WT-^ 

SnGe,., B,. s P„. s Al,.„Mg,., K,., 
SnSio.s Ge„., K,., Al,., B„., P,., 



(8)' W-T9-2 83 180 
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7?4C«. SE^IeI3S (DC-DC3>^-i»9) * 

-C$3J;'5{c®5£L-C&.Pll>. £<E>ic«:. tiffed 

[0 03 7 ] *SWS!l!!»S^<ciStCiffl3h5. 
»K. t-T^A-t-. ^*-rt®J!S^b*ir*-r * 
*. -*-£-l*JigA-b'-27y 7. h 27.* 

— Bgu^*^^. u>Xffl?7^;u 
A. y-Ff^y3>, ^- i-gsfv-^n. m^ilfi. 

[0 0 3 8] 

[0039] earn- i 

H3fti. 7g. ^ig^y^AO. 7g, Kfbv^^~>^ 

AO. 4 sr. H^tyjUv^-^Al. 0g*$£^tl^ 

/^tiooo^t^ai/fc. i 2 00'cri2^ra 

OBXOlUL/r. SnGe,., B 0 . 5 P,., Al,.„Mg 

K 0 . 1 O J ...^#fc <> Cfl?r^^ 7 h = ;U-C^S* 
U ¥^S4. 5 //m<D*9*^f/c (ffc^- 1 - 
1). cnwCuKa^5rfflC^cX^ls]*fia(C430r2 
0 fflr 2 8 ' WiBtcM^S WT -5 ^"n - b - - 9 
T^»^-C*D. 2 0ffi-C4O° «±7 0" «T(C{«S B ^ 

[0 04 0] &f&m-2 



O,.,, (ffc^«J2- 1 ) 
Mgr.., Oz.,, 
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SnSi,.« A 1 o . i Bo., P 0 ., 
S n S i „„ Ala., B„., Po., 

[oo4i] %mm- i 
v>y'j^- i ©ftig 

nmmt . i v^utdt-^m \ - i 4 
fflt^r. -£ft£8 6fis%. -tm 

* i/ 3ffiS%©S«£-C?g&L. 3gCC&#ffiJ£ 

L,x*<jy (t fc- 'J -r^©*^^ 4 fiSS^fc J: t>' 
tj>\,-#*is >\,G-X lffifi%4flUx. *4J$f* 

<hL,T*g*&LT. ^@*-?y-- ISrfHRUfc. A I , 
0,. . TiO„ ttc. a- A 1 .O.^Sifflffi^. 

/t. i8a m<Dmm±t.cnmx ^ y — i ^iBSism 

■C^n-eia7 1 g/m\ 1 2 g/nf-Cfc-sfc. ISJ^CCfil 

&^:&©4#U>y-:/U*^Cj;9l£*i/&34U ff^ 

fc„ fl&v'- h - 1 <Dm&kZ9 8 amr*->fc. iE&M 
Ut LT. LiCoO, 4 9 311%. t&mKJMSlS 

4%. r-fefu>^7 7?4ii%, $6(cte«?m<!:L, 

t#U7 i h77Wai? : U >*#tfc13! 1 gfi% <fc;f< y 
7i"J >\st§Li~ h 'J"5A 1 4JJ|]^. . MiftiLt 

ill*LIE1I;*-7 y- 1 4?#fc„ LiCoO, 4 1 

5W.M%. a- A 1 ,0,48 011%, T-b?U>^7 

>*frfoVii 3 mm%t# 'J T 9 <))mi~l- '^Alil 
%4flDx.. 7k4i«f*<i:0-r?lMUiESX7 y-2 4fSfc 
C©iE@X5 U- 1 . 2 5:)|?2 0/im©7^S-')A 

m 1 . lOg/rftinfc. 20 0um©wttiEi>'-h 

- 1 4fPl5b/c„ ±teSi@~>- h - 1 fcJ;0'IEfr>- h 

- i (D-en-e^^utc -en-en- t^s^^a 

© U - K «4 * <1< h b tc'&. - 4 0 -CWT© 

£*g£«*-c2 oo •czmrsmTKnm Ltc. ^e>ic. jkj 
fc&mmfriEmzs- h (8) . iaMt4* -i ^nfu> 

7 ^;UA-fe/-cu-^- (Hz;!/*/- K2 40 0) . JJ&*c|£ 

ii*Sfr>-h (9) *$<t^-fe/x-U--$»-(lO)©J8T 

iio. cn4#£ii*®r^2#(c#[5iL.fc. 

[004 2] t©^@{*4fi©isS*4j|«aS. 
M v *4tSbfci*i3©WJgnfSMS?tfe&(ia)tcilX^b 
fc. PJ?h*afc0LiPF, iLiBF 4 tft* 
0. 9. 0. lmol SWC. ?gj«#ix 

2:2: 6g®^$a>6&£mft?«4mft6mK:ftAL, 
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Ba,, 0,. 9S (fb^«2-3) 
C a.., O,.,, ({t£1352 -4 ) 

2)uiEii->-h (8) i. aafeffiaDWfiffi^- h 

(9) t&hfrtitoV- KMKf-JCfciJftttLfc. 01(C 

■y->7';u- 2~~5<D<m, 

■mmmz&i 2 - 1 . 2-2. 2-3. 2-4^0/c 

tW«-^>^Jl/- 1 tPUfKLTU-^VU- 2~5 4fP 
10 SLfc. 

[0 04 3] tt«W©fftH 

IE©* 7'j— 2 4^fii 0 Ufr o /cJiiJ'f {JiEeB^- F - 
1 ilSJ^CLT. iEfiiS- — K- 2-*ft»UTlt. iES->- 
h - 1 (DfXt)<0 KiEg->- I- - 2 4fflt^cW^{*-^>7" 

[0 04 4] ■y-^T'Jl/- 1~5. tbi5^-AifctCl 0 
Offl-TofflSL/. 0. 4mA/a^1 , ©mister. 4. 2V 

st^b, 3tn\x.mv2 5*c i ^^(s??^©ga8§SE 

4ig'IS L fc„ ^SgmEAi 4 . IV JWT&C% o fcfd^W. 
20 t>^-l-5tS</l. 8%. 2. 0%. 2. 0 
%. 1. 9%. 1. 7%-t?*^/c„ $/cJt$£#l- AT'l* 

3 . 8 % -c* ^ fc. > - 1 - 5 itmm 

[0 04 5] 

iEffi^v y-2©ff-A 1 ,0,. ^TiCtC^ifcy 
W*HJg^<!:|5]«l^^-CiE«^-h3 4^bfc 0 IE 
S^-h-34fflt^cJy^(i-!f>7Vl/- 1 A>65 <h|5j1i 

tcL.r-y-> -7*^-6*^ i o^ni'-tc, V>y~f\y-6 

30 1 04 1 0 0<lfof£i?U 0. 4mA/an' ©®jfe 

Kr. 4. 2V$-C3t^L. %WjtSBTC2 5'C1 
W*©PI88mE4i'JSb/c 0 HSSmE^4. 1 VWTtc 
^-pfcfll^tt. f>^-6-10t?^l. 3%. 
1. 0%. 1. 2%. 1. 1%. 0. 9%-C&o/c * 
^©•y- > 6 *^ 6 1 0 tt-y- > 1 - 5 Cctb-^. ^ 
8S^J£©«T^/h5 < m UA^fc. 

to 0 4 6 ] mmm- 3 

S@^fiJ±tCfi»^*4 1 g $>tc K) 1 2 0 raq© y ? A£ 

40 @^^J©^flJfi4itH-c 2 40 g/w ! «:L fcJW?f tJUSS 
1 41510 Jit |SJ«©«S*4f#fc. 
[0 04 7] HSg^-4 

Hj&gffl- i©-y->7 , ju- i*?,5i, Hifeffl-2©-y-> 

7';U-6A>6 1 0*?J:O'J:bt5WI-A4§l 0 0 fifing 
0. 4nA/cnf ©ISitK-C. 4. 2V£T'5fcHU 

?ts^ii-c 6 o -c i . 5 *>Rum&<D®i&mKz®mi, 

fc. P3S§S£E©®T»¥^l<Br-y->7-;U- 1*^10. 
tb^CT-AAi-g-^0. 09V. 0. 09V. 0. 10 
V. 0. 08V. 0. 09V. 0. 07V. 0. 06 
50 V. 0. 06V. 0. 07V. 0. 06V. 0. 15V 
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r&ofc„ ^mwv-^y^- t *>6 1 o«tt$$t*i-A 
[oo4 8] mmm-b 

Sit 1 0/1 0/1 0/2 0/2 0/2 0/5/5 £0 
[0049] 
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[Hi ] H»««cafflUten(8iaa«ift<oiKiiiH*7SL/t 

8 iES^- I- 

9 fitSr>~ h 

1 0 -fe^lx— £— 

l l 

1 2 mmm. (lESMHf ) 

13 
1 4 



[01 ] 



